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RESEARCH MEMORANDUM

LIFT, DRAG, AND STATIC LONGITUDINAL STABILITY CHAR-
ACTERISTICS OF CONFIGURATIONS CONSISTING OF
THREE TRIANGULAR WING PANELS AND A BODY
OF EQUAT. IENGTH AT MACH NUMBERS
FROM 3.00 TO 6.28

By Raymond C. Savin and Thomas J. Wong
SUMMARY

Lift, drag, and pitching-moment coefficients, lift-drag ratios, end
center-of -pressure positions for three highly swept three-wing tailless
configurations were determined from tests at Mach numbers from 3.00 to
6.28 and angles of attack up to 12°, The Reynolds number based on body
length varied from 5.5 million at Mach number 3.00 to 1.0 miilion at
Mach number 6.28. Each configuration had three identical triangular-wing
panels of low aspect ratlo with.2-percent-thick root sections. The lead-
ing edges of the panels were rounded and had a constant radius equal to
the radius of the vertex of the configuration. One of the wing panels

‘wag mounted vertically on the top of the body ds a fin. The other two

were mounted as the main 1ifting surfaces. Three separate conflgurations
were obtained.by mounting the two 1ifting wings at dihedral angles of 0°,
¢15°, and -30°. The leading edges of the wings were swept back TE°. The
body of each configuration consisted of a fineness-ratio-5 ogive and a
fineness-ratio~2 cylindrical afterbody. The tip of the ogive was spher-
ical and had s radius equal to 5 percent of the maximum body radius.

The maximum lift-drag ratios decreased slightly with increasing
negative dihedral angle throughout the test Mach number range. A maxi-
mum lift-drag ratio of 4.5 was obtained for the model with 0° dihedral
et a Mach number of Lk.26. The static longitudinal stability remained
approximately constant with increasing negative dlhedral angle, but
decreased slightly with Increasing Mach number.

INTRODUCTION

A configuration has recently been proposed in reference 1 as an
example of an airpiene suitable for flight at high supersonic speeds.
The proposed airplane configuration was chosen mainly on the basis of
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theoretical caslculations relating to drag, lift-drag ratic, aerodynamic
stabllity, and aerodynamic heating. Thus, for example, 1t was indicated
that the use ¢f extreme sweepback greatly relieves the heatlng of the
wing leading edge, and, of. course, reduces the drag due to leading-edge
bluntness. A symmetrical arrangement of three wings, the vertices of
wvhich are common to the vertex of the body, was selected on the basis of
the more satisfactory stabllity to be expected from this type of config-
uration cvey moire Cohivéntlonal airframes. Results of tests on such a con-
figuration (see refs. 2 and 3) indicated that satisfactory aerodynemlc
stability cen in fact be obtained, at least at subsonlc speeds.

To determine the high-speed merocdynsmic chasracteristics of an alr-
plane configuration incorporating the features suggested in referenmce 1,
a highly swept symmetrical three-wing tallless model was tested in the

Ames 10~ by lh-inch supersonic wind tumnel at Mach numbers fram 3.00 to
6.28 and angles of attack up to 12°. Two other similar models with wing
dihedral angles of o° end —15 were also tested. The results of these
tests are the subject of the present paper..

NOTATION
Cp drag coefficlent,

Ct, 1ift coefficient,

Gl oo

¢, pltching-moment coefficient (moment reference: 37 percent of €),
m

qSc

Cy normal-force coefficient, normzé force

T mean aerodynamic chord of wing, including portion of wing submerged

in body
D drag
L 1ift
M free-stream Mach number

m pltching moment
q free~gtresm dynamic pressure

Re Reynolds number based on model length
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S areg of two panels, including area submerged in body
Xop center-of-pressure location, percent body length from nose

o angle of attack
B NME -1

r dihedral angle, measured from the horizontal
APPARATUS AND TESTS

The tests were conducted in the Ames 10~ by lh-inch supersonic wind
tunnel. A detailed description of the wind tunnel and auxiliary equipment
may be found in reference k. Aerodynsmic forces and moments acting on
the models were measured by means of a three-component strain-gage halance.
Angles of attack up to L4° were obtained by plitching the model-support
system, Bent-st:lng model supports were employed to obtain angles of attack
greater than 4°, Axial forces acting on the body base, as determined by
the difference between measured base pressures and free-stream static
pressures, were subtracted from measured total forces. As a result, the
data presented do not include the effects of body-base pressure.

The test models were constructed of steel and consisted of three
identical triangular-shaped panels mounted orn & body consisting of a
fineness=-ratio=~5 ogive and a fineness-ratio-2 cylindrical afterbody. The
tlp of the ogive was spherlcal and had a radius equsal to 5 percent of
the msximum body radius. As shown in figure 1, the panels were mounted
to form a vertical F£in snd two lifting surfacee or wings w:f.'gh leading-~
edge sweep angles of T4 and an aspect ratio of 1.15 (T = The root
sections of the wings were 2 percent thick. The leading edges were
rounded and hed s radius equal to the radius at the vertex of the body.
The airfoll section is defined in figure 1. Three models were constructed
and were similar excep'b for the wing dihedral angles.  Thus, one model
had horizontal winge (0° dlhedral) whereas the other two had wings with
~15° and -30° dihedral angles.

Lift, drag, and pitching-moment coefficients were determined for all
three models at a.ngles of attack to about 12° at Mach numbers of 3. 00,
4,26, 5.0k, end 6.28.7 The free-stream Reynolds numbers based on the
length of 'bhe mocdels were:

1Pitching~moment data at M = 6.28 were obtained only at angles of
attack up to 4°.
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Reynolds number,

Mech number . million
3.00 De5
.26 4.8
5.04 2.3
6.28 1.0

The varlaetion in Mach number in the region of the test section where
the models were located dld not exceed #0.02 at Mach numbers from 3.00 to
5.04 and +0.04 at Mach number 6.28. Deviations In free-stream Reynolds
number did not exceed +30,000 from the values given. BErrors in angle of
attack due to uncertainties in corrections for stream angle and for
deflection of the model-support system Were less than #0.2°%,

The precision of the experimental results was affected by inaccura-~
cles In the force measurementa obtained by the balance system, as well
a8 uncertaintles In the determination of free-sgtream dynamic pressures
and base pressures. The resulting maximum possible errors in the aero-
dynamic force and moment coefficlents~are shown in the following table:

Much number Cp Cy, Cn
3.00 #0.001 | +*0.002 |+0.003
k26 #.001} *.002 | *.003
5.0k +.002} *.002 | *.003
6.28 +.002} *.003 | *.003

It should be noted that the experimental results presented herein are
generally in error by less than these estlmates.

RESULTS AND DISCUSSICN

Results of the tests of the three models are presented in table I,
where lift, drag, pltching-moment and normal-force coefficients, lift-
drag ratios, and centers of pressure at various angles of attack are
tabulated for all the models over the test Mach number range. All of
these date are based on the same reference ares which is equal to twice
the plan area of one pwnel, including the portion submerged in the body.
Graphlcal presentation of some of the data 1s also lncluded to show the
more important trends. It will be noted in figure 2, for example, that
although the differences in 1ift between the three.test models are small,
the model with T = -15° has the higheat. lift at the higher angles of
attack, whereas the symmetrical model (I' = -30°) tepds to have the lowest
lift., These results differ from those obtained at subsonic speeds
(ref. 3) where it was found that the 1ift coeafficient decressed approxi-
mately as the squere of the cosine of the dibedral angle. It should be -
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noted, however, that the leading edges of the present teat models are
considersbly more blunt then those of reference 3. The effect of leading-
edge bluntness on 1ift et a = 0° is clearly evident in figure 2. Thus,
it 1s observed that although the pressure forces on the blunt leading
edges are balanced in the case of the symmetrical model (I' = -300), these
forces produce negative 1ift when the wings are at (° and -15° dihedral
angles. It may also be noted in figure 2, however, that the initial 1ift-
curve slopes do decrease approximately as the square of the cosine of the
dihedral angle. This is perhaps more clearly illustrated in figure 3
where the initial slopes taken from figure 2 are shown plotted as a func-
tilon of Mach number. The predictions of linear alrfoil theory for the
wing alone (I’ = 0°) are slso shown for comparative purposes In the range
of Mach numbers where the leading edges are supersonic. It is Interesting
to note that the percentage effect of dihedrel angle on lift-curve slope
is approximately comstent with increasing Mach number.

The varistions of 1ift coefficient with drag coefficient, pitching-
moment coefficient, and lift-drag ratio for the three models are shown
in figure 4. It can be seen that, in general, the model with I = —15 has,
the lowest drag for a given 1lift coefficient (particularly at the higher
angles of attack) except near lift coefficients where the meximm 1ift-
drag ratios occur. At these 1ift coefficients (near (L/D)pgy) the model
with O° dihedral has the lowest drag and, hence, the highest lift-drag
ratios. The symmetricel model (P = -3005 has generslly the highest drag
for a given 1ift coefficient and, thus, ylelds the lowest 1lift-drag ratios.

The varistions of pitching-moment coefficlent with 1ift coefficient
are nearly the same far all three configurations and esre approximstely
linear over the test range of angles of attack and Mach numbers (see
fig. 4t). It is also indicated in figure 4 that the static longitudinsl
stability of each model decreases slightly with inecreasing Mach number.
This trend is more clearly illustrated in figure 5 where it can be seen
that the change in stability from Mach number 3.00 to Mach number 6.28
represents a shift in the neutral point of about 1-1/2 percent of the
mean aerodynamic chord. Experimental results (see ref. 3) obtained at
subsonic speeds for confilguratiomns similar to those employed in the
present tests are algo shown in figure 5. It is indicated that, in
general, the neutral polnts shift rearward on all configurations in going
from Mach number 0.25 to Mach number 3.00. This shift is epproximstely
T percent of the mean aerodynamic chord in the case of the symmetrical
model (I' = -30°). _ _ .

The varlations of maximum lift-dreg ratio with Mach number are
presented in figure 6. It is observed in this f e that the model with
0° dihedral yields the highest 1ift-drag ratic (I/D = k.5 at M = L.26).
However, this ratio decreases only slightly with increasing negative
dihedral engle, the total decremse (fram I = 0° to I = =30°) belng
spproximately 5 to 7 percent over the test Mach number range. It should
be noted that for Mach numbers 3.00 and 4.26 where the test Reynolds

ek
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numbers were essentially the same, the maximum 1ift-drag ratlios are

nearly the same. However, at Mach numbers 5.04% and 6.28 where the test

Reynolds numbers were substantially lower, the lift-drag ratios are sig- X
nificantly lower. Thus, it is indicated that the decrease in msximum
1ift-drag rétio with increasing Mach number above M = 4.26 is due
primarily to the increase in skin-friction drag associated with the
decrensse of test Reynolds number. The effect of Reynolds number on 1ifi-
drag ratio is more clearly shown in figure 7 where estimated lift-drag
ratios for a comstant Mach number of 5.04% are plotted as a function of
Reynolds nmumber.2 It is indicated in this figure that if the M = 504
tests were conducted at a Reynolds number of 5 million (l.e., & test
Reynolds number approximately the same as that for the lower Mach numbers)
instead of 2.3 million, a meximum lift-drag ratio of the same order as
those at the lower Mach numbers would have been obtained. Correspond-
ingly, an increase in 1lift-drag ratio with an increase of test Reynolds
number at M = 6.28 would also be expected. Moreover, it is indicated
that lift-drag ratios of the arder of 5 can be expected for full-scale
Reynolds numbers (of the order of 15 million), provided leminar flow can
be maintained. It may be noted, howevet, that the estimasted lift-~drag
retlos asre somewhat lower than those predicted in reference 1. This can
be attributed to the fact that the test configurations had comnsiderably
more leading-edge hluntness than the proposed configuration (ref. 1).

CONCLUSIONS

The serodynamic characteristics of three highly swept three-wing
teilless configurations having wing dihedral anglee of 0°, -15°, and -30°
have been determined from tests at Mach numbers from 3.00 to 6.28 and
angles of attack up to 12°. The Reynolds number based on body leungth
varied from 5.5 million at Mach number 3.00 to 1.0 million &t Mach number
6.28. The following conclusions are drawn from the results of these tests:

1. The differences in 1ift between the three test models are small.
The initisl Ilift-curve slopes decrease with increasing negative dihedral
angle and, as would be expected, also decrease with lncreasing Mach
number. ’ i -

2The lift-drag ratios shown in figure 7 were estimated by means of
the approximate relastion (L/D)p. =-l/2,f(clu}a=o/bDo. The lift-curve

slope, (ch) __» was determined from the experimental results for & Mach .

number of 5.04 (see fig. 3). The effects of varying Reynolds number
on CD0 was estimated by means of the Blasius relation for laminar skin-
friction coefficlent. - SR | . " -
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2. The 0° dihedral model was found to have a maximum lift-drag
ratio of k.5 at a Mach number of k.26. Increasing the dihedral angle
from 0° to -30° decreases the maximum lift-drag ratio approximastely 5 to
T percent over the test Mach number range. This ratio alsc decreases
with increasing Mach number due primarily to the increased skin-friction
drag assoclated with the decrease of the test Reynolds number.

3. The statlc longltudinal stabllity remalns approximately constant
with Incréasing negative dihedrsl angle, but decreases slightly as +the
Mach number is increased.

Ames Aeronautical Isboratory
National Advisory Committee for Aeronsutics
Moffett Flield, Calif., Nov. 21, 1955
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Dihedra! angle
o TI=0°
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{a) M = 300 (b) M =4.26

C #|

08— 06 4 8 12 ® -4 0 4 8 12 1
Q, deg a, deg

(c) M=504 (d M =6.28
Figure 2.- Variation of 1ift coefficient with angle of attack.
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Figure 3.- Varistion of initial lift-curve slope with Mach number.
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Figure 6.~ Variation of maximum 1lift-drag retio and Reynolds number
with Mach number,
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Figure 7.~ Variation of maximm lift-drag ratio with Reynclds number for symmetrical
configuration (' = ~309) at M = 5,04,
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